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(54) Electrochemical battery for conversion of low rate energy into high rate energy by parallel 
discharging 



(57) An electrode configuration for use in a defibril- 
lator battery to improve the battery capacity and its uti- 
lization efficiency by using a combination SVO cell and 
a CF X cell discharged in parallel, is described. In other 
words, the anode of the SVO cell is connected to the 



anode of the CF X cell and the cathode of the SVO cell 
is connected to the cathode of the CF X cell. The SVO 
cell provides a relatively high discharge rate while the 
CF X cell results in long service life. This results in 1 00% 
of the usable capacity from both ceils being utilized. 
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CROSS REFERENCE TO RELATED APPLICATION 

BACKGROUND OF THE INVENTION 
,0 1. Field Of Invention 

[0002] The present invention generally relate* tr>th«~ 

hculady, the present invention relates £75^STT ° ^ er *™ *> energy. More par- 

;5 appucahons, such as are required to power Tc^ZlT^^ m * «» 2 
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casing ,s reported in U.S Patent No ria t» . 9 ^? d,ac deflbri ''ators powered bv cells hn,,c*H • 

for h oTn [r ° ,yte - ThS 3dVanta 9 e ° f this «*hoJ rS^S^Tf : itWn 3 Sin9te casi "9 «nd aXted by 

s-tuations ,n device usage by patients. ^ neverthele ^. ■ very difficult to achieve due to the Salable 
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the cathode of the SVO cell is connected to the cathode of the CF X cell. The cells are hermetically housed in a single 
casing activated with the same electrolyte or hermetically housed in separate cases. The present cell configuration is 
particularly useful in high rate discharge applications, such as required by cardiac defibrillators. In particular, the SVO 
cell provides high rate discharge while the CF X ceil is useful to achieve long service life. Furthermore, end of service 
5 life indication during parallel discharge of this novel cell configuration is the same as that of the SVO cell. In other 
words, both cells reach end of life at the same time in spite of varied usage in actual defibrillator applications. Since 
both cells reach end of service life at the same time, no discharge energy is wasted and there is no need to balance 
the capacities of both cells. 

[0009] At beginning of life, a typical SVO cell has an under load voltage of around 3.2V. In comparison, a typical CF X 
10 cell has an under load voltage of around 2.8V. According to the present invention, conservation of the high power 
energy of the SVO cell and the low power energy of the CF X cell in an implantable cardioverter defibrillator application 
is achieved by discharging the two cells separately until both reach the same voltage. Then, both cells are discharged 
in parallel. 

[0010] These and other aspects of the present invention will become more apparent to those skilled in the art by 
is reference to the following description and to the appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Fig. 1 is a schematic of a discharge configuration of the combination battery of the present invention. 
20 [0012] Fig. 2 is an elevational view, partly in schematic of the combination battery shown in Fig. 1 . 
[0013] Fig. 3 is a graph constructed from the pulse discharge of a Li/SVO cell. 

[0014] Fig. 4 is a graph constructed from the pulse discharge of a U/SVO connected in parallel with a Li/CF X cell. 
[0015] Fig. 5 is a graph constructed from the pulse discharge of a single Li/SVO cell in comparison to the pulse 
discharge of a Li/SVO cell connected in parallel with a Li/CF X cell. 

25 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0016] As used herein, the term "pulse" means a short burst of electrical current of a significantly greater amplitude 
than that of a prepulse current immediately prior to the pulse. A pulse train consists of at least two pulses of electrical 
30 current delivered in relatively short succession with or without open circuit rest between the pulses. A typical pulse 
discharge is about 15.0 mA/cm 2 to about 30.0 mA/cm 2 . 

[0017] As used herein, the definition of CF X having a relatively high energy density but a relatively low rate capability 
and SVO having a relatively low energy density but a relatively high rate capability means that SVO is capable of being 
pulse discharge at about 15.0 mA/cm 2 to about 30.0 mA/cm 2 without its voltage falling below 1 .5V. On the other hand, 
35 if CF X were to be pulse discharged under these conditions, its delivered voltage would fall below 1 .5V. The pulse 
discharge parameter is per cathode surface area. 

[001 8] Referring now to the drawings, Fig. 1 shows a schematic embodiment of a combination battery 1 0 constructed 
according to the present invention having both a high volumetric capacity cell 12 and a high rate cell 14 hermetically 
sealed in a metallic, prismatic casing 1 6. Both electrode assemblies are insulated from one another and activated with 
40 the same electrolyte. 

[0019] As shown in Fig. 1 , the high volumetric capacity cell 1 2 has positive and negative electrode terminals 1 8, 20 
while the high rate cell 16 also has its own positive and negative electrode terminals 22, 24. Two different loads are 
applied to this battery. A constant resistance load 26 and a constant current pulse "load" 28. A device providing both 
a constant resistant load and a constant current pulse "load" is, for example, an implantable medical device such as 

45 a cardiac defibrillator. An implantable cardiac defibrillator is a device that requires a power source for a generally 
medium rate, constant resistance load component provided by circuits performing such functions as, for example, the 
heart sensing and pacing functions. From time to time, the cardiac defibrillator may require a generally high rate, pulse 
discharge load component that occurs, for example, during charging of a capacitor in the defibrillator for the purpose 
of delivering an electrical shock to the heart to treat tachyarrhythmias, the irregular, rapid heartbeats that can be fatal 

so if left uncorrected. Reduction and even elimination of voltage delay during a current pulse application is important for 
proper device operation and extended device life. 

[0020] An important aspect of the present invention is that the positive terminal 1 8 of the high volumetric capacity 
cell 12 is connected to the positive terminal 22 of the high rate cell 14 at node 30. From there, a common lead 32 
connects to a switch 34. Similarly, the negative terminal 20 of the high volumetric capacity cell 12 is connected to the 
55 negative terminal 24 of the high rate cell 1 4 at node 36. A common lead 38 connects between node 36 and switch 34. 
[0021] The switch 34 serves to direct the electrical power generated by the combination battery 10 to either the 
constant power load 26 via connection 40 or to the pulse load requirement via connection 42. For example, in a cardiac 
defibrillator, the medical device requires a relatively low level current for the maintenance of electronic monitoring 
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in lt nrup,ed from time to «™ by high level current during devrce activation 
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" the respective anode components. As more cSartv shown ' C ° mpriSin9 nk * el ' t0 fom 

the high volumetric capacity and high ,TcX ^ SS, f n "/T^ an ° de com P one "ts 44, 46 for both 
as the anode current coll ecL (not shown)^ ifetera^iSXT in? ^ ° r ,ead 48 * 50 ° f the 8ame material 

leads 48. 50 extending from the curreTcol ^ ZT^ a Z ' 9 * Um »* Such 38 b V weldi "9- The 
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'orthehighvolumetricc^pac^ 

mentioned above onto a suitable current collector. 9 ' Spreadln9 or P rea S'ng a mixture of the materials 

[0027] The cathode electrode for the hiqh volumetric tpii 19 nronomJ 

on one or more structures such as one ^T^oTm^T^r^f'^ ' S preferabl * in ,he *>™ 
anode structures such as anode plate 44 of Zo^ZTtf^^ T ^ assoc,ated with a « 'east one or more 
£.« isffcnked on m^^o^SSS^^^ 1 ^^^^^ 
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[0029] Preferably, the cathode active material for the hioh rate r»n 1 a 

chemical addition, •»aoflonorottKH^| I ^c^oSat^ P 8 m,Xed meta ' ° Xide formed * a 
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and/or their oxide compounds. ' C Tab ' e ° f Bements ' wnfch includes the noble metals 
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that purpose, the cathode electrode 54 is in the form of a free-standing sheet of cathode material that has been cal- 
endared from a paste including binder and conductive additives, dried and cut to shape. The shaped cathode plate is 
then pressed onto at least one side and preferably both sides of a current collector screen of a suitable material such 
as aluminum or titanium, aluminum being preferred. A process for making cathode components useful in the high rate 
5 cell of the present combination battery is described in U.S. Patent No. 5,435,874 to Takeuchi et at., which is assigned 
to the assignee of the present invention and incorporated herein by reference. 

[0032] As shown in Fig. 2, the lead 1 8 for the cathode plates 52 of the high volumetric capacity cell 1 2 and the leads 
22 for the cathode strip 54 of the high rate cell 14 are insulated from the casing 16 such as by respective glass-to- 
metal seal/terminal pin feedthroughs 56, 58. The glass used is of acorrosion resistant type having from between about 
10 0% to about 50% by weight silicon such as CABAL 12, TA 23, FUSITE 425 or FUSITE 435. The positive terminal pin 
feedthroughs preferably comprise molybdenum although titanium, aluminum, nickel alloy, or stainless steel can also 
be used. 

[0033] While the present invention is described having the anode leads 48, 50 connected to the casing 16 and the 
cathode leads 1 8, 22 insulated from the casing, the combination battery 1 0 can also be constructed in a case-positive 

15 configuration. This requires connecting the cathode leads 1 8, 22 to the casing 1 6 insulated from the anode terminals. 
[0034] The anode components 44, 46 and the cathode structures 52, 54 for the respective high volumetric capacity 
and high rate cells 12, 14 are preferably sealed in their own separator envelopes (not shown for clarity) to prevent 
direct physical contact between the operatively associated anode electrodes and the cathode electrodes. In the case 
of the high volumetric capacity cell 12, an insulative bag 60 (shown in dashed lines in Fig. 2) is provided to surround 

20 the operatively associated cathode electrode and anode electrode to prevent direct contact between the high volumetric 
capacity and high rate cells. The insulative bag 60 is of a similar material as the separators. 

[0035] The separators for both cells are of electrically insulative material to prevent an internal electrical short circuit 
between the electrodes, and the separator material also is chemically unreactive with the anode and cathode active 
materials and both chemically unreactive with and insoluble in the electrolyte. In addition, the separator material has 

25 a degree of porosity sufficient to allow flow therethrough of the electrolyte during the electrochemical reaction of the 
respective cells. Illustrative separator materials include fabrics woven from fluoropolymeric fibers including pofyvinyli- 
dine fluoride, polyethylenetetraf luoroethylene, and polyethylenechlorotrif luoroethylene laminated with a fluoropolymer- 
ic microporous film, non-woven glass, polypropylene, polyethylene, glass fiber material, ceramics, polytetrafluoroeth- 
ylene membrane commercially available under the designation ZITEX (Chemplast Inc.), polypropylene membrane, 

30 commercially available under the designation CELGARD (Celanese Plastic Company, Inc.) and a membrane commer- 
cially available under the designation DEXIGLAS (C. H. Dexter, Div., Dexter Corp.). 

[0036] The combination electrochemical battery of the present invention further includes a nonaqueous, ionically 
conductive electrolyte which serves as a medium for migration of ions between the anode and the cathode electrodes 
during the electrochemical reactions of both the high volumetric capacity and the high rate cells. The electrochemical 
35 reaction at the electrodes involves conversion of ions in atomic or molecular forms which migrate from the anode to 
the cathode. Thus, nonaqueous electrolytes suitable for the present invention are substantially inert to the anode and 
cathode materials, and they exhibit those physical properties necessary for ionic transfer namely, low viscosity, low 
surface tension and wettability. 

[0037] A suitable electrolyte for both cells has an inorganic, ionically conductive salt dissolved in a nonaqueous 
40 solvent, and more preferably, the electrolyte includes an ionizable alkali metal salt dissolved in a mixture of aprotic 
organic solvents comprising a low viscosity solvent and a high permittivity solvent. Preferably, the ion-forming alkali 
metal salt is similar to the alkali metal comprising the anode. Suitable salts include LiPF 6 , UBF 4 , LiAsF 6 , LiSbF 6 , LiCI0 4 , 
LiAICI 4 , LiGaCI 4 , LiC(S0 2 CF 3 ) 3 , Li0 2 , LiN(S0 2 CF 3 ) 2 , LiSCN, Li0 3 SCF 2 CF 3> LiC 6 F 5 S0 3 , Li0 2 CCF 3 , LiS0 3 F 5 LiB 
(C 6 H 5 ) 4 , LiCF 3 S0 3 , and mixtures thereof. Suitable salt concentrations typically range between about 0.8 to 1 .5 molar. 
45 [0038] Low viscosity solvents include esters, linear and cyclic ethers and dialkyl carbonates such as tetrahydrofuran 
(THF), methyl acetate (MA), diglyme, triglyme, tetraglyme, dimethyl carbonate (DMC), 1 ,2-dimethoxyethane (DME), 
diisopropylether, 1 ,2-diethoxyethane (DEE), 1 -ethoxy,2-methoxyethane, diethyl carbonate, dipropyl carbonate, ethyl 
methyl carbonate, methyl propyl carbonate, ethyl propyl carbonate, and mixtures thereof, and high permittivity solvents 
include cyclic carbonates, cyclic esters and cyclic amides such as propylene carbonate (PC), ethylene carbonate (EC), 
so butylene carbonate, acetonitrile, dimethyl sulfoxide, dimethyl formalize, dimethyl acetamide, Y-valerolactone, Y-buty- 
rolacetone (GBL), N-methyl-pyrrolidinone (NMP) and mixtures thereof. In the present invention, the preferred electro- 
lyte for the high volumetric capacity cell 12 being of a Li/CF X couple is 1 .0M to 1 .4M LiBF 4 in GBL. The preferred 
electrolyte for the high rate cell 14 being of a Li/SVO couple is 1 .0M to 1 .4M LiAsF 6 dissolved in a 50/50 mixture (by 
volume) of PC and DME. 

55 [0039] The casing header comprises a metallic lid (not shown) having a sufficient number of openings to accommo- 
date the glass-to-metal seal/terminal pin feedthroughs 56, 58 for the cathode electrodes of the high volumetric capacity 
and the high rate cells. An additional opening 62 is provided for electrolyte filling. The casing header comprises elements 
having compatibility with the other components of the electrochemical cells and is resistant to corrosion. The battery 
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Table 1 



Cell 


Total 


Capacity at Voltage Cut Off (mAh) 


2.0V 


DOD 


1.7V 


DOD 


1.5V 


DOD 


SVO 


1469 


62.6% 


1659 


70.7% 


1754 


74.8% 


SVO/CF x 


2554 


69.8% 


2824 


77.2% 


2894 


79.1% 


ACapacity 


1085 




1165 




1140 





[0048] From Table 1 and Figs. 3 and 4, it can be seen that at each voltage cut off, the parallel discharged cell as- 
semblies delivered higher total capacities with significantly higher total discharge efficiencies than the individual SVO 
cells. The cell background voltages were about 2.51V at a 2.0V cut off, about 2.41V at a 1 .7V cut off and about 2.35V 
at a 1 .5V cut off. At these background voltages, a single CF X cell typically delivers discharge capacities of about 1 1 48 
mAh (2.5 1 V), about 1152mAh (2.41V) and about 1170 mAh (2.35V), respectively under a 16 .5 kn load. Thus, in the 
above example, almost 100% of the CF X deliverable capacity was converted into high power SVO energy. 

EXAMPLE II 

[0049] Two SVO cells and one CF X cell were constructed in a similar manner as those described in Example I. One 
of the SVO cells was discharged under a 9.53 kii load interrupted by pulse trains applied every 39 days. The other 
SVO cell was parallel connected to a CF X cell according to the present invention. The resulting cell pack was then 
discharged under a 9.53 kQ load interrupted every 39 days by pulse trains. In both cases, the pulse trains were similar 
to those described above. The results are summarized as a capacity vs. potential plot in Fig. 5. In this graph, curve 90 
was constructed from the prepulse of the Li/SVO cell, curve 92 from the pulse 1 min. and curve 94 from the pulse 4 
min. In contrast, curve 96 was constructed from the prepulse of the Li/SVO/CF x cell, curve 98 from the pulse 1 min. 
and curve 1 00 from the pulse 4 min. of this present invention cell. 

[0050] In the initial three pulse trains, both tests presented similar cell behavior. The background voltages and pulse 
minimum voltages were almost identical and were typical of SVO cell behavior. After pulse train 3, however, the single 
SVO cell background voltage dropped to the 2.5V to 2.6V voltage plateau at pulse trains 4, 5 and 6. For the combination 
SVO/CF x cells, the background voltages were maintained at the 2.8V to 2.9V voltage plateau, which is the typical 
discharge voltage of a CF X cell. At pulse train 7, the background voltage of the single SVO cell dropped to 2.35V while 
the combination cells maintained their background voltage at 2.72V. In addition, the pulse minimum potentials of the 
parallel SVO/CF x cells was still 2.26V, which is substantially higher than that of the single SVO cell at 1 .54V. 
[0051] The single SVO cell reached end of life (EOL) by pulse train 8 while the parallel SVO/CF x cells did not reach 
EOL until pu Ise train 1 2. By comparing the cell delivered capacity at EOL for the above two tests, the capacity difference 
was determined to be about 1 ,1 88 mAh, which is consistent with the results obtained in Example I. This added discharge 
capacity is attributed to the CF X cell. These results indicated that during a long term discharge test of the SVO/CF x 
parallel cells, the low power CF X energy was converted to high power SVO energy. The utilization of CF X energy was 
also quantitative. 

CONCLUSION 

[0052] The above examples prove the feasibility of parallel discharging a high power cell, such as an SVO cell, with 
a high capacity cell, such as a CF X . By doing so, the energy of the high volumetric capacity CF X cell is quantitatively 
converted into or used as the high power energy of the SVO cell. 

[0053] It is appreciated that various modifications to the inventive concepts described herein may be apparent to 
those skilled in the art without departing from the spirit and scope of the present invention defined by the hereinafter 
appended claims. 

Claims 

1 . An electrochemical battery, comprising: 

a. a first electrochemical cell comprising: 

i. a first anode comprising alkali metal electrically associated with a first anode current collector; 
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ii. a first cathode of a first cathode active material electrically associated with a first cathode current col- 
lector; 

iii. a first electrolyte operatively associated with the first anode and the first cathode; and 
b. a second electrochemical cell comprising: 

i. a second anode comprising alkali metal electrically associated with a second anode current collector; 

ii. a second cathode of a second cathode active material electrically associated with a second cathode 
current collector; 

iii. a second electrolyte operatively associated with the second anode and the second cathode; and 

wherein the first cell is connected in parallel to the second cell and wherein the first cathode active material has a 
relatively high energy density but a relatively low rate capability and the second cathode active material has a 
relatively low energy density but a relatively high rate capability. 



2. An electrochemical battery according to claim 1 wherein the first electrochemical cell comprises a terminal for 
connecting the first anode current collector to an external lead and a terminal for connecting the first cathode 
current collector to an external lead and the second electrochemical cell comprises a terminal for connecting the 
second anode current collector to an external lead and a terminal for connecting the second cathode current 

20 collector to an external lead. 

3. An electrochemical battery according to claim 1 or claim 2 further comprising a casing in which said first electro- 
chemical cell and said second electrochemical cell are housed. 



4. An electrochemical battery according to any one of the preceding claims wherein the first and second cells are 
dischargeable under a substantially constant discharge rate and under a current pulse discharge application. 

5. An electrochemical battery according to any one of the preceding claims wherein the first cell and the second cell 
are housed in the same casing and the first electrolyte and the second electrolyte are the same. 

6. An electrochemical battery according to any one of the preceding claims wherein the first cathode active material 
is selected from the group consisting of CF X , Ag 2 0, Ag 2 0 2l CuF, Ag 2 Cr0 4: Mn0 2 , SVO, and mixtures thereof. 

7. An electrochemical battery according to any one of the preceding claims wherein the second cathode active ma- 
terial is selected from the group consisting of SVO, CSVO, V 2 0 5 , Mn0 2 , LiCo0 2 , UNi0 2 , LiMn0 2 , Cu0 2 , TiS 
Cu 2 S, FeS, FeS^ copper oxide, copper vanadium oxide, and mixtures thereof. ' 

8. An electrochemical battery according to any one of claims 3 to 7 wherein the first and second anode current 
collectors are electrically connected to the casing to provide a case-negative configuration for the first and second 

40 cells. 

9. An electrochemical battery according to any one of claims 3 to 7 wherein both the first and second cathode current 
collectors are electrically connected to respective cathode terminals electrically insulated from the casing. 

45 10. An electrochemical battery according to any one of claims 3 to 7 wherein both the flrst and second anode current 
collectors are electrically connected to respective anode terminals electrically insulated from the casing. 

1 1 . An electrochemical battery according to any one of the preceding claims wherein the anode is comprised of lithium . 

so 1 2. An electrochemical battery according to any one of the preceding claims wherein the anode comprises a lithium- 
aluminum alloy. 

13. An electrochemical battery according to claim 12 wherein the aluminum comprises from between 0% to 50% bv 
weight of the anode alloy. 



14. An electrochemical battery according to any one of the preceding claims wherein the nonaqueous electrolyte 
comprises a first solvent selected from the group consisting of an ester, an ether, a dialkyl carbonate and mixtures 
thereof, and a second solvent selected from the group consisting of a cyclic carbonate, a cyclic ester a cyclic 
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amide, and mixtures thereof. 

1 5. An electrochemical battery according to any one of the preceding claims wherein the first solvent is selected from 
the group consisting of tetrahydrofuran, methyl acetate, diglyme : triglyme, tetraglyme, 1 ,2-dimethoxyethane, di- 

5 isopropylether, 1 ,2-diethoxy ethane, 1-ethoxy, 2-methoxyethane, dimethyl carbonate, diethyl carbonate, dipropyl 

carbonate, ethyl methyl carbonate, methyl propyl carbonate, ethyl propyl carbonate, and mixtures thereof. 

16. An electrochemical battery according to any one of the preceding claims wherein the second solvent is selected 
from the group consisting of propylene carbonate, ethylene carbonate, butylene carbonate, acetonitrile, dimethyl 

10 sulfoxide, dimethyl formamide, dimethyl acetamide, Y-valerolactone, Y-butyrolactone, N-methyl-pyrrolidinone, and 

mixtures thereof. 

17. An electrochemical battery according to any one of the preceding claims including providing an alkali metal salt in 
the electrolyte, the alkali metal salt being selected from the group consisting of LiPF 6 , LiBF 4 , LiAsF 6 , LiSbF 6 , 

is LiCI0 4 , LiAICI 4 , LiGaCI 4 , LiC(S0 2 CF 3 ) 3 , U0 2 , LiN(S0 2 CF 3 )2 f USCN, Li0 3 SCF 2 CF 3l LiC 6 F 5 S0 3 , Li0 2 CCF 3 , 

LiS0 3 F, LiB(C 6 H 5 ) 4> LiF 3 S0 3 , and mixtures thereof. 

1 8. An electrochemical battery according to any one of the preceding claims wherein both the first and second cathodes 
comprise from between 80 weight percent to 99 weight percent of the respective first and second cathode active 

20 materials. 

19. An electrochemical battery according to any one of the preceding claims wherein at least one of the first and second 
cathodes further comprises a binder material and conductive additives. 

25 20. An electrochemical battery according to claim 19 wherein the binder material is a fluoro-resin powder. 

21. An electrochemical battery according to claim 19 or claim 20 wherein the conductive additives are selected from 
the group consisting of carbon, graphite powder, acetylene black, and mixtures thereof. 

30 22. An electrochemical battery according to any one of the preceding claims wherein the first and second cathodes 
comprise 0 to 3 weight percent carbon, 1 to 5 weight percent of a powder fluoro-resin and 94 to 99 weight percent 
of the respective first and second cathode active materials. 

23. An electrochemical battery according to any one of the preceding claims wherein the cathode of the first cell is 
35 formed of a cathode sheet associated with the anode in a jellyroll configuration. 

24. A method for providing an electrochemical battery according to any one of the preceding claims capable of dis- 
charge at both a substantially constant discharge rate and under a current pulse discharge application, which 
comprises: 

40 

a. providing a first electrochemical cell, comprising the steps of: 

i. providing a first anode comprising alkali metal and electrically associating the alkali metal with a first 
anode current collector; 

45 li. providing a first cathode of cathode active material and electrically associating the first cathode active 

material with a first cathode current collector; and 

iii. activating the first electrochemical cell with an electrolyte solution operatively associated with the first 
anode and the first cathode; and 

so b. providing a second electrochemical cell, comprising the steps of: 

i. providing a second anode comprising alkali metal and electrically associating the alkali metal with a 
second anode current collector; 

ii. providing a second cathode of cathode active material and electrically associating the second cathode 
55 active material with a second cathode current collector; and 

iii. activating the second electrochemical cell with the electrolyte solution operatively associated with the 
second anode and the second cathode; 
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wherein the first cell is connected in parallel to the second cell and wherein the first cathode active material has a 
relatively high energy density but a relatively low rate capability and the second cathode active material has a 
relatively low energy density but a relatively high rate capability. 

5 25. In combination with an implantable medical device requiring electrical power for a monitoring function and a device 
operating function, a battery comprising: 

a. a first cell having a first anode comprising lithium and a first cathode comprising silver vanadium oxide; 

b. a second cell having a second anode comprising lithium and a second cathode comprising fluorinated 
io carbon; and 

c. a casing containing both cells connected in parallel and activated by a nonaqueous electrolyte. 

26. An electrochemical battery, which comprises: 

15 a. a first cell having a first anode and a first cathode of a first cathode active material of a relatively high energy 

density but a relatively low rate capability; 

b. a second cell having a second anode and a second cathode of a second cathode active material of a 
relatively low energy density but a relatively high rate capability, wherein the first cell is connected in parallel 
to the second cell so that first and second cells are dischargeable together at a relatively low electrical current 
20 of about 1 microampere to about 1 00 milliamperes and wherein the second cell is dischargeable at a relatively 

high electrical current of about 1 to about 4 amperes such that should a background voltage of the second 
cell fall below a working voltage of the first cell, the second cell is recharged by the first cell to equalise each 
of their working voltages. 

25 27. An electrochemical battery according to claim 26 wherein the first cell is of a Li/CF X couple. 

28. An electrochemical battery according to claim 26 wherein the second cell is of a Li/SVO couple. 

29. An electrochemical battery according to one of claims 26 to 28 powering a cardiac defibrillator. 

30 



35 
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50 
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